as no traces of Na were found in pure-phase brookite and even the brookite with involving the Fe 3+ ions ( Figure S10 ). Strong Si (at 1.74 kV) and Sn (at 3.48 kV) peaks come from the sample substrate (powder sample were load on the Sn doped Si wafer for SEM measurements (see Figure S13 ). All the images and data (also the following Figures S10, S12, S14, S15) were collected on the Scanning Electron Microscope (SEM, Zeiss Ultraplus) in conjunction with an energy-dispersive X-ray spectrometer (INCA Energy 450 EDXA system). (Table S1 ). are obtained by deconvoluting the EPR data. Two main resonance bands with a symmetrical signal of around g eff =2.03 and an asymmetrical signal of g eff =4.3, are discerned for all titanates. According to the literatures, 6 the former could be readily assigned to the pairs or small clusters of ferric ions. It was found that the deconvoluted form of this band can be well fitted by only one Lorentzian functions, which suggested that only one relaxation mechanism was involved in this signal: the spin-lattice or the spin-spin relaxation. 7 The former one describes the temperature-dependent interaction of an electron in an excited energy level with the lattice phonons, while the latter consists in an energy transfer from an electron in an upper spin level to an electron in a lower spin level. To this, it clearly showed that increase of R Fe loading resulted in the decrease of ΔH, the resonance line width. This result is consistent with the assumption that this peak is directly related to iron centers located in regions with high concentration of iron species, being the spin-spin interactions enhanced by the increase of the Fe 3+ loading.
Alternatively, the signal of g eff =4.3 could be ascribed to the isolated Fe 3+ ions. Previous reports have argued that this signal was related to oxygen vacancies and/or due to the presence of Fe cations into an orthorhombic structure such as brookite TiO 2 . When the diffusion of Fe 3+ ions was progressed from their initial location at the surface towards the oxide lattice, this signal was expected to be enhanced. 7 Consequently, the gradual weakening of this signal seems implying that a part of dopant Fe 3+ ions was transported to the interlayered sites as those Fe 3+ doped tetra-titanate bulks (K 2 Ti 4 O 9 ),
where Fe 3+ ions could occupy the sites of interlayered K + ions. 8 Such a speculation was also supported by combining the Raman (Figure 2a ) and FT-IR (Figure 2b correspond to the high frequency parts. The solid arc lines denote the fitting results by using the equivalent circuit. Impedance spectroscopy is highly sensitive to the electronic microstructures especially for the nanomaterials that are known to be composed of a multitude of grains exhibiting special microstructures. 9 The complex impedance spectra for all the titanates exhibit two predominant semi-circles, which can be modeled by an equivalent electrical circuit composed of two parallel elements connected in series of (R g Q g )(R gb Q gb ) 10 ( Figure S18a -inset). The (R g Q g ) element corresponds to the grains which give rise to a nonzero intercept in the Z" vs Z' plots, while the (R gb Q gb ) element is attributed to grain boundary regions. Fitting the impedance data using this model yields grain resistivities of 64 kΩ.cm, 23 kΩ.cm, 12 kΩ.cm and 14 kΩ.cm for the titanates with R Fe =5%, 10%, 15%, and 20%, respectively, which well match the universal dielectric responses and Bode for the full-frequency fitting ( Figure 5 in the main text and Figure S20 ). For the grain boundaries, the resistivities are all beyond 10 MΩ.cm estimated from the limited impedance data, at least three orders of magnitude higher than that of the corresponding grains. These results suggest structurally heterogeneous contributions from the grain and grain boundary regions. which are, respectively, attributed to the bulk oxygen (O 2-) and surface adsorbed oxygen. 11, 12 Ti 2p spectra consist of the distinct Ti 2p 1/2 and Ti 2p 3/2 photoelectron signals that are located at 464.3 and 458.5 eV, respectively. The spin orbital splitting between these peaks is 5.8 eV, which is comparable with that of 5.74 eV reported previously. 13, 14 Both Ti 2p signals are highly symmetric, and no shoulders associated with Ti 3+ were observed on the lower energy sides of Ti 2p 3/2 signal. 
